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GEOTECHNICAL INVESTIGATION 
MARINA PARK PROJECT 

NEWPORT BEACH, CALIFORNIA 
 
 

1 INTRODUCTION AND PROJECT DESCRIPTION 

TerraCosta Consulting Group, Inc. (TCG) has performed a geotechnical investigation, and 
geologic and engineering analyses for development of the Marina Park project, located on 
Newport Harbor between 15th and 19th Streets, and north of West Balboa Boulevard, in the 
City of Newport Beach, California (please refer to Figure 1, Vicinity Map/Boring Location 
Map). 

This report presents the results of our field investigation, laboratory testing, and analyses, and 
provides geotechnical engineering recommendations for grading and construction of the 
proposed improvements. 

We understand that the principal structural elements of the project are: 

• A 10,190-square-foot, two-story, steel-framed community center building; 

• An 11,000-square-foot, two-story, steel-framed sailing center building (potentially 
including a 60± foot tall steel moment-frame tower); 

• Two small single-story restroom structures (one of which is located approximately a 
block away from the site on a separate property); 

• An 800-square-foot, single-story marine services building; 

• Ancillary concrete flatwork and paved parking areas designed to support all of the 
above structures; and 

• Offshore facilities, including 28 floating-dock boat slips, flexi-float support docks, 
approach piers, a groin-wall, and bulkheads located in an area that must be dredged to 
accommodate the new facilities. 

The overall project layout is shown on the Architectural Master Plan, Figure 2. 
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2 PURPOSE AND SCOPE OF INVESTIGATION 

The purpose of this investigation is to provide information to assist the City and its 
consultants in evaluating the site (both onshore and offshore) for project design.  In 
particular, our investigation is designed to address the following geotechnical issues. 

2.1 Onshore Facilities 

• The geologic/geotechnical setting of the site; 

• Potential geologic hazards, such as faulting and seismicity; 

• General engineering characteristics of the identified soil and geologic units, including 
on-site allowable soil-bearing and earth pressure values; 

• Settlement estimates; 

• The depth to groundwater; 

• Building foundation and flatwork recommendations; 

• Building setbacks for any foundation impacts from adjacent and nearby structures, if 
applicable; 

• Grading and earthwork recommendations; and 

• Soil corrosion potential. 

2.2 Offshore Facilities (Proposed ADA Approach Piers, Floating Docks, Groin-Wall, 
and Bulkhead Walls) 

• Geotechnical recommendations for dredging; 

• Geotechnical design input for the proposed groin-wall; 

• Recommendations for the lateral support of the dock-area bulkheads, including both 
earth-anchor and tieback/deadman approaches; 

• Geotechnical recommendations for approach pier foundations; and 

• Depth and load/deflection criteria for use in guide pile design. 
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To further our understanding of the Marina Park Development, and to establish working 
relationships with the City’s team members, we attended a project kick-off meeting on April 
4, 2008, and subsequently exchanged technical information with the design team. 

3 FIELD AND LABORATORY INVESTIGATION 

3.1 Field Investigation 

Our field investigation, performed May 16, 2008, included a geotechnical reconnaissance of 
the site and surrounding area; drilling, sampling, and logging two 8-inch-diameter 
exploratory test borings to a depth of 31.5 feet; and performing twelve continuous cone 
penetration test (CPT) soundings to depths ranging from 30 feet to 50 feet.  The approximate 
locations of our test borings and CPT soundings are shown on the Boring Location Map 
(Figure 1).  Samples were obtained from the test borings using both a 2-inch O.D. Standard 
Penetration Test Sampler (SPT) and a 3-inch O.D. “California Sampler.”  The samplers were 
advanced by driving them into the soil ahead of the auger using a 140-pound hammer falling 
30 inches.  Samples obtained from the borings were sealed in the field to preserve in-situ 
moisture, and transported to the laboratory for additional inspection and testing.  The drilling 
operations were observed, and the borings logged and classified, by a geologist from our 
firm. 

Field logs of the materials encountered in the test borings were prepared based on visual 
examination of the materials, and on the action of the drilling and sampling equipment.  The 
descriptions on the logs are based on our field observations, sample inspection, and 
laboratory test results.  A Key to Excavation Logs is presented in Appendix A as Figure A-1, 
and the final logs of the test borings are presented as Figures A-2 and A-3. 

CPT soundings were performed at the locations of proposed structures in order to obtain 
continuous profiles of the underlying foundation soils, in correlation with data from the test 
borings.  Results of the CPT soundings are also included in Appendix A. 
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3.2 Laboratory Testing 

Representative soil samples obtained during our field exploration program were tested in the 
laboratory to verify field classifications and to provide data for geotechnical input to the 
design of project structures.  The results of our laboratory tests are presented in Appendix B. 

4 GENERAL SITE CONDITIONS 

4.1 Geologic Setting 

The project site is situated on the landward side of a naturally-formed coastal bar (or 
“barrier”) of the type formed by a transgressive sea and littoral currents at the seaward edge 
of a stream delta or lagoon.  The Newport Bay coastal estuary was originally formed as the 
lower reach of the Santa Ana River.  However, in 1915, because of severe silting that 
resulted from flooding of the Santa Ana River (and also the construction of a man-made 
channel), the Santa Ana River was structurally realigned and the bay is currently fed only by 
San Diego Creek, which drains a comparatively small area. 

4.2 Site Topography and Bathymetry 

Elevations across the site range from approximately 7.8 feet (NAVD 88) along West Balboa 
Boulevard, ascending to almost +10 feet near the central backbone of the parcel, then back 
down to about +5 feet at the U.S. bulkhead line generally along the existing shoreline.  From 
the U.S. bulkhead line, the nearshore bay floor slope descends at an inclination of 
approximately 10:1, down to approximate elevation -10 to -12 feet along the channel limit 
line. 

4.3 Soil and Geologic Units 

The site is underlain by hydraulic fill, bay deposits, and older alluvial deposits beyond the 
depths of our deepest exploratory testing at 50 feet.  These soil and geologic units are 
described below in order of increasing age. 

Hydraulic Fill Soils:  Our test borings indicate that the project site-area is generally 
underlain by from 5 to 6 feet of loose to medium dense, gray-brown, damp to wet, 
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hydraulically-placed sands and silty sands (SP/SM), with occasional shell fragments.  
It is likely that these relatively “clean” granular soils were placed as the result of 
dredging during one or more phases of the development of Newport Harbor.  SPT 
blow counts within these artificially placed, dry to saturated sands range from 7 to 25 
blows per foot. 

Bay Deposits:  The hydraulic fill sands are typically underlain by a 2- to 2½-foot-
thick, soft to firm, compressible sandy silt to silty clay bay mud, which is in turn 
underlain by relatively clean, medium dense, gray sands (SP/SM), with shells and 
shell fragments, characteristic of Holocene-age bay deposits below an elevation of 
approximately -2 to -3 feet.  SPT blow counts within these clean, saturated, natural 
bay deposit sands range from 13 to 24 blows per foot. 

Older Alluvial Deposits:  Dense to very dense, red-brown to gray, coarse “clean” 
sands (SP-SM), generally characteristic of older fluvial/alluvial deposits, underlie the 
project site area at elevations ranging from approximately -20 to -26 feet.  Limited 
blow counts within these older estuarine soils range from 37 to 38 blows per foot.  
However, the CPT tip resistance in these deposits typically exceeds 300 tsf, indicating 
a very dense sand. 

4.4 Groundwater 

Groundwater levels at the site can be expected to vary in response to tidal fluctuations.  
Groundwater highs will likely approach tidal highs in the bay, and groundwater lows may 
drop slightly below mean sea level.  From a construction standpoint, any excavations 
advanced down to within the tidal zone should be expected to experience severe caving. 

5 GEOLOGIC HAZARDS 

5.1 Regional and Local Faulting 

We did not observe indications of faulting during our field investigation at the site, and 
available geologic literature does not indicate that active faults have been mapped in the 
immediate project site area.  However, our review of published and unpublished maps 
indicates that the site is approximately 3 km westerly of the Newport-Inglewood/Rose 
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Canyon fault zone (south Los Angeles Basin segment), which generally trends north/south 
along the easterly margin of the Newport (“Upper”) Back Bay.  It is generally accepted that 
movement along the Newport-Inglewood/Rose Canyon fault zone has created compressional 
forces, which caused warping and tilting of the portion of crustal block underlying this area 
of Orange County. 

5.2 Seismicity 

The project site is located in a moderately active seismic region of Southern California that is 
subject to moderate to strong shaking from nearby and distant earthquakes.  Ground shaking 
from earthquakes on 63 major active faults could affect the site.  The nearest of these, the 
Los Angeles Basin segment of the Newport-Inglewood/Rose Canyon Fault, is located 
approximately 3 km easterly of the site.  According to the United States Geologic Survey 
(USGS) Open-File Report 2008-1128, the maximum credible earthquake for this segment of 
the Newport-Inglewood/Rose Canyon Fault is considered to be magnitude 7.2.  During the 
1933 Long Beach earthquake, a 6.4 magnitude shock was experienced offshore 
approximately 2.5 miles north-northeast of the site about 30 minutes prior to the shocks that 
devastated Long Beach. 

We used both the California Geologic Survey (CGS) and the USGS Probabilistic Seismic 
Hazards web sites to assess the probabilistic ground motion conditions of the site.  According 
to both the CGS and USGS, the peak ground acceleration for a 10 percent probability of 
exceedance in 50 years is estimated to be on the order of 0.37 to 0.41g. 

5.3 Geologic Hazards 

Potential geologic hazards that may exist at the site include landslides, fault rupture, ground 
shaking, liquefaction, seismic-induced settlement, lateral spreading, seiches, and tsunamis.  
With respect to these potential hazards, we have the following comments: 

• Landslides:  No landslides have been mapped at the site.  As such, it is our opinion 
that the risk associated with landslides is negligible. 

• Fault Rupture:  No faults have been mapped across the site or inferred to cross the 
site.  As such, it is our opinion that the risk associated with fault rupture is low to 
negligible.  
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• Ground Shaking:  All sites within Southern California are susceptible to ground 
shaking. 

• Liquefaction:  Liquefaction is a potential hazard in any water-saturated, clean sandy 
soils.  The loose to medium dense, near-surface hydraulic fills and bay deposits 
(typically above elevation -15 to -25 feet) exhibit relatively low relative densities and 
consist of clean (SP/SM) soils, making these materials susceptible to seismic-induced 
liquefaction and lateral spreading.  The dense to very dense, older alluvial deposits 
encountered below -20 to -26 feet are not susceptible to liquefaction.  Spontaneous 
liquefaction develops within sandy soils when they are subjected to a rapid buildup of 
pore pressure, such as that caused by seismic shock, and the result of this condition 
could be massive mobilization of the near-surface foundation soils and the failure 
(settlement) of site-area structural improvements.  It is expected that liquefaction 
could be triggered at this site with a seismic acceleration of 0.20 g. 

• Seismic-Induced Settlement:  Ground settlements due to seismic activity results 
from a densification of soils due to ground vibration, as well as by reconsolidation of 
liquefied soils.  For the facilities under consideration for this study, we anticipate that 
the majority of the seismic ground settlements will be associated with potential 
liquefaction of the upper 20± feet of the hydraulic fills and bay deposits.  We 
estimate that if these soils were to liquefy, the amount of total induced settlement 
could be on the order of 1 to 4 inches. 

• Seiches:  As the site is located within the Newport Bay, it is our opinion that the risks 
associated with seiches are moderate to high.  

• Tsunamis:  As the site lies on the coast, it is our opinion that the risk associated with 
tsunamis is the same as all projects located along the shoreline of the City of Newport 
Beach.  Studies performed by Legg, Borrero, and Synolakis (2004) suggest that this 
area of the coastline may be affected by both earthquake- and subaqueous landslide-
generated tsunamis with wave heights of 2+ meters and wave runup of 4+ meters.  As 
such, the site may be affected by a tsunami under certain critical conditions.  As we 
understand, the City of Newport Beach already has a tsunami contingency plan and 
evacuation routes in place. 
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6 CONSIDERATIONS FOR LANDSIDE IMPROVEMENTS 

6.1 Site Preparation 

It is recommended that the entire site be scarified to a minimum depth of 12 inches, watered, 
and properly recompacted to a minimum of 95 percent relative compaction, in accordance 
with ASTM Test Designation D 1557.  Any loose zones encountered during compaction of 
the final subgrade should be overexcavated and properly recompacted to 95 percent in order 
to provide the recommended subgrade density.  We would recommend that the deep 
foundations for the Sailing Center and Community Center, whether driven piles or stone 
columns, be completed prior to the completion of subgrade preparation. 

We recommend that the existing hydraulic fill sands be compacted by a combination of 
flooding and vibration using a vibratory roller, compactor, or heavy track equipment. 

All site preparation and grading should be performed under the observation of the 
geotechnical engineer and in accordance with Section 300, “Earthwork,” of the Standard 
Specifications for Public Works Construction (“Greenbook”). 

6.2 Foundation Design 

From a geotechnical standpoint, the near-surface hydraulic fill sands are relatively competent 
in nature and suitable for supporting relatively lightly loaded foundation elements assuming 
sufficient confinement of the near-surface soils.  However, given the potential for 
liquefaction and liquefaction-induced settlements that could be on the order of 1 to 4 inches, 
we recommend using a deep foundation system, or soil improvement with a mat foundation 
for the Sailing Center and Community Center.  We recommend that mat foundations be used 
for smaller proposed buildings, including restroom facilities. 

6.2.1 Mat Foundations for Restroom Facilities and Other Small Buildings 

We recommend that all mat foundations be designed by a registered civil or structural 
engineer experienced in mat foundation design.  We recommend a subgrade modulus of 100 
pci, which has been adjusted for foundation size.  We recommend that maximum allowable 
contact stresses be limited to 1,000 psf.  This value should not be increased for any transient 
loads, including seismic and wind loads. 
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To provide resistance for design lateral loads, we recommend that an allowable friction 
coefficient of 0.45 be used between the concrete mat foundation and the underlying 
recompacted sandy subgrade soils.  If, for some reason, additional lateral resistance is 
required, interior shear keys can be added when located a minimum of three times the depth 
of the shear key in from the perimeter edge of the mat foundation.  Passive pressures, if used, 
should be limited to an equivalent fluid pressure of 300 pcf.  

6.2.2 Deep Foundations for Sailing Center and Community Center 

Due to the potential for significant settlement due to liquefaction, we recommend that the 
Sailing Center and Community Center buildings be supported on either driven piles, or on 
structural mats, the latter of which should be supported by improved soil.  We recommend 
stone columns be used to densify the underlying soil if mats are the chosen foundations for 
the Sailing Center and Community Center.  Both of these foundation alternatives are 
discussed in the following paragraphs. 

Pile Foundations 

In order to avoid undesirable liquefaction-induced settlements, we recommend that 
consideration be given to supporting all settlement-sensitive habitable structures on pile 
foundations deriving their support from the dense alluvial sands encountered below elevation 
-26 feet.  As indicated in Section 5.3, potentially liquefiable sands overlie these dense sands 
and, under the design earthquake event, may locally liquefy down to a maximum elevation of 
about -26 feet, resulting in potential downdrag forces imposed on the upper portions of 
foundation piles.  We currently anticipate maximum liquefaction-induced downdrag loads 
applied to 12-inch square pre-stressed concrete piles approaching 50 kips and recommend 
that all pile foundations be designed to accommodate this additional seismically induced 
axial downdrag load. 

We recommend that 12-inch square pre-stressed concrete piles be designed for a minimum of 
10 feet of embedment into the dense to very dense alluvial sands corresponding to a 
minimum design tip elevation of -35 feet.  At this depth, the allowable bearing capacity of 
these soils will exceed the pile’s maximum design allowable capacity of 105 tons (80 tons 
when subtracting out downdrag forces). 
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We anticipate that the dense alluvial sands will require limited pre-jetting to achieve design 
tip elevation and pre-jetting shall be allowed down to elevation -30 feet.  However, in all 
instances, actual pile capacities and tip elevations shall be verified in the field utilizing a 
suitable pile driving formula, such as the Engineering News Record (ENR) formula. 

We recommend that our firm observe the driving of all piles.  Continuous records of pile 
driving operations should be kept and any field changes reviewed with the structural 
engineer.  Typical guide specifications for pile driving are attached in Appendix C, and may 
be used as an aid in preparation of job specifications. 

Stone Columns with Mat Foundations 

As an alternative to conventional deep foundations, in-situ ground improvement may also be 
performed to densify the near-surface liquefiable soils and to improve pore pressure 
dissipation resulting from seismic shaking.  We consider stone columns to be a viable 
alternative to mitigating the potential for seismically induced liquefaction and the associated 
ground settlements that should be expected during the design seismic event.  Thirty to 36-
inch-diameter stone columns placed in a typical 7-foot triangular pattern, extending to a 
depth of approximately 30 feet, should provide sufficient increased soil stiffness to mitigate 
the potential for seismically induced liquefaction and ground settlements.  This in-situ 
densification occurs by advancing a large electric or hydraulic vibrator to the desired depth 
with use of water or air-jetting to assist penetration to the design depth.  After penetration, 
the vibrator is partially withdrawn and the hole created by the vibrator filled with a charge of 
stone.  The vibrator is again lowered into the stone, displacing the stone both radially and 
downward into the surrounding soil, thereby causing displacement of the soil over and above 
that created by the initial penetration of the vibrator.  In this way, a compact column of stone 
interlocked with the surrounding ground is built up to the ground surface. 

As indicted in Section 6.2.1, we recommend that foundations for the proposed marina 
buildings, if supported on stone columns, be supported by a structural concrete mat 
foundation, which in turn would be supported by the stone column densified subgrade soils. 

6.3 Seismic Design Parameters per CBC 

The California Building Code (CBC) requires a site-specific seismic response analysis for 
any site that is considered liquefiable.  However, based on ASCE Standard ASCE/SEI 7-05, 
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if the proposed structures have a fundamental period of vibration equal to or less than 0.5 
seconds, site-specific analysis is not required and response spectra can be determined using 
the equivalent site class for non-liquefiable soil.  In this particular case, we recommend using 
the Site Class D characterization for stiff soil.  For this site class, we recommend using 
spectral accelerations of 1.252 and 0.711 for periods of 0.2 and 1.0 seconds, respectively. 

6.4 Concrete Flatwork and Walkways 

We recommend that areas to receive concrete flatwork and walkways be prepared in general 
accordance with Section 301-1 of the Greenbook Specifications.  We recommend that 
subgrade soils be scarified to a minimum depth of 6 inches, and compacted to a minimum 
relative compaction of 95 percent.  Additional subgrade preparation may be necessary in 
those areas where flatwork and walkways may be subject to vehicle loading and should be 
evaluated on a case-by-case basis. 

6.5 Soil Corrosivity 

The results of corrosivity testing of the near-surface soils indicate a soil pH of 7.0 and 40 
years to perforation for a 16 gauge metal culvert.  Test results are included in Appendix B. 

7 CONSIDERATIONS FOR MARINA IMPROVEMENTS 

7.1 Sheet-Pile Bulkheads 

It is our understanding that the subject sheet-pile walls will be pre-stressed, pre-cast, concrete 
panels and that those panels will be installed in a sequence as generally shown on Figure 3.  
At the contractor’s option, we would anticipate that the sheet-pile bulkheads would be 
installed in a partially excavated trench and then jetted to near grade.  Jetting may be 
permitted down to within 1 foot of design tip elevation, and then driven the last foot.  
Concrete sheets should use tongue-and-groove connections and should have jet tubes cast 
into the pile.  The tongue-and-groove connection should be cast in such a way to allow 
installation of a 1½-inch-diameter pipe (after driving) into the oversized groove.  A high-
pressure water jet should be used to initially flush out any debris from within the joint.  Each 
joint should then be pressure grouted to protect against possible loss of the soil backfill out 
through joints. 
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As shown on Figure 3, we recommend installation of the Sailing Center foundations prior to 
installation of the interior marina bulkhead anchors to avoid potential conflicts between the 
tiebacks and piles or stone columns. 

We have used Shoring Suite Version 8, by CivilTech, Inc. for design of the bulkhead walls.  
Based on the results of our CPT data and borings, we have selected an active earth pressure 
coefficient of 0.31, and a passive earth pressure coefficient of 3.2, reduced to 2.25, to ensure 
a factor of safety of 1.5 with regard to passive toe failure.  We examined the shore-parallel 
Sailing Center bulkhead (+9 elevation, plan datum) with and without seismic loading, as well 
as the interior marina bulkhead walls (+10 elevation, plan datum) with H20 vehicle loading 
adjacent to the wall edge without seismic loading, and with seismic loading (without the H20 
surcharge).  We have also assumed a 4-foot tidal lag in front of the bulkhead wall.  We have 
neglected the presence of the sloping passive toe in front of the bulkhead walls, as these 
sloping toes can be partially or completely scoured out as the result of boats backing into or 
out of their docks.  Summary calculations are provided in Appendix D. 

Our analyses indicate that the critical design case for both the Sailing Center bulkhead wall 
and the interior marina bulkhead walls is the seismic loading condition under a design 
seismic acceleration of 0.20 g.  For this condition, we have also increased the design 
acceleration by 50 percent to take into consideration the lack of deformation exhibited by 
rigid structures (Xanthakos, 1995). 

As indicated in Sections 5.2 and 5.3, the design seismic event has a peak ground acceleration 
with a 10 percent probability of exceedance in 50 years estimated to be on the order of 0.37 
to 0.41 g.  Moreover, for the site conditions, localized liquefaction is anticipated with site 
accelerations exceeding 0.2 g, with massive liquefaction and lateral spreading affecting the 
upper 20± feet with site accelerations approaching 0.4 g.  Under these conditions, the 
bonded zone of the tiebacks would yield, and the liquefied bulkhead backfill would then 
overload and fail the now-cantilevered 22-foot-high bulkhead.  As the bulkhead is not a 
habitable structure, to our knowledge, there is no code mandate to design for the 0.4 g 
seismic event.  However, if desired, the bulkhead could be designed to resist the maximum 
seismic event by densifying the liquefiable bulkhead backfill materials, as well as the bonded 
zone for the tieback anchors.  This liquefaction mitigation can be achieved through the use of 
stone columns, treating the zone extending roughly 70 feet back from the bulkhead.  If this 
were to be considered, however, we anticipate that it may be more economical to use deep 
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soil mixing adjacent the back of the bulkhead, which should be able to mitigate the maximum 
design seismic event with a soil mixed zone possibly 30 feet in width. 

As such, we recommend the following design parameters for the walls: 

Sailing Center Bulkhead Wall 
Top Elevation: +9, plan datum 
Minimum Embedment: 17 feet 
Minimum Tip Elevation: -29 feet, plan datum 
Maximum Design Moment: 84 kip-ft 
Required Top-of-Wall Lateral Restraint: 9.4 kips/lineal foot 

Interior Marina Bulkhead Walls 
Top Elevation: +10, plan datum 
Minimum Embedment: 18 feet 
Minimum Tip Elevation: -30 feet, plan datum 
Maximum Design Moment: 96 kip-ft 
Required Top-of-Wall Lateral Restraint: 10.3 kips/lineal foot 

7.1.1 Tieback Anchors 

We understand that deadman anchors would attach to the bulkhead within the pile cap at 
about elevation +9 feet (+8 feet for the Sailing Center bulkhead wall).  Assuming 
conventional deadman anchors were used, these anchors would extend a minimum of 7 feet 
below grade and run continuously behind the bulkhead.  Since deadman anchors cannot 
encroach onto the adjacent easterly parcel, and 7-foot-deep continuous deadman anchors will 
likely pose significant construction difficulties, we understand that it ha been agreed to use 
post-grouted soil anchors to restrain all site bulkheads. 

Post-grouted soil anchors on tiebacks offer several significant advantages in that effective 
corrosion protection is assured, convenient preloading is possible, and construction conflicts 
with the Sailing Center deep foundations are minimized. 

In this regard, we anticipate that tieback anchors would be installed on 8 to 10 foot centers.  
For these conditions, we recommend a minimum unbonded length of 40 feet, and a minimum 
bonded length of 30 feet.  As indicated, we also recommend that the tieback anchors be 
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installed at an inclination of 4 to 1 (horizontal to vertical), resulting in the tieback depth at the 
easterly edge of the Sailing Center building near elevation +1.5 foot. 

We recommend that tiebacks be installed with the use of a casing drill, such as a Klemm, 
which enables advancing a cased hole to the full design embedment depth.  The anchor 
would then be inserted into the cased hole, grouted, and then the casing removed, enabling 
the straightforward installation of tieback anchors in clean sands that would otherwise cave 
into any drilled hole. 

We recommend the use of DYWIDAG Systems International (DSI) anchors, with Type C 
double-corrosion protection.  DSI product literature is provided in Appendix E. 

7.2 Guide Pile Recommendations 

As we understand, guide piles for the proposed marina docks will utilize round pre-stressed 
concrete piles designed to accommodate maximum lateral design loads on the order of 2 to 4 
kips.  The outer shore-parallel 200-foot-long public side tie visitor dock will also be 
restrained by round guide piles.  We also understand that this dock may incorporate a wave 
attenuation structure, which may ultimately result in lateral design loads on the order of 8 to 
12 kips. 

In order to evaluate the structural requirements and load deformation characteristics of the 
proposed concrete guide piles, we have used the elastic theory approach developed by 
Matlock and Reese (1962).  A condensed version of this approach is outlined in the 
NAVFAC Design Manual DM 7.02, Chapter 5, Section 7.  A copy of this design section is 
included with our calculation package (Appendix D).  We have also used a coefficient of 
variation of soil modulus of 15 pci for the medium dense to very dense sand deposits, which 
extend well below the depth of interest. 

Ultimate lateral load capacity was also evaluated using the approach developed by Broms 
(1965), which follows the general approach developed by Matlock and Reese. 

We have used a roller assembly design load elevation of +10.0 feet (plan datum) and a 
dredge bottom elevation of -12 feet.  For this loading condition, we have calculated guide 
pile deflections for 14-inch, 16-inch, 20-inch, and 24-inch round, prestressed concrete piles 
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for the marina docks and the visitor dock.  Figure 4 presents the load-deflection relationship 
for each pile size. 

When using the Matlock and Reese solution, in order to minimize guide pile deflections and 
account for variabilities in subsurface soil conditions, we recommend a minimum 
embedment depth of 4T or 4(EI/f)1/5.  The recommended minimum embedment depth for 
various pile diameters is also summarized in Figure 4.  Calculations are also attached. 

7.2.1 Pre-Jetting Considerations 

Based on the subsurface data obtained from our borings, the relatively clean dense sands will 
require pre-jetting to reach the required design tip elevation.  To maximize the lateral load 
capacity and minimize the deformation and response to lateral loads, jetting should be 
terminated approximately 2 feet from the design tip elevation, and the last 2 feet driven to aid 
in redensifying the soils disturbed by jetting.  We would suggest the use of a minimum 
50,000 foot-pound capacity pile hammer to achieve design tip elevations within the medium 
dense to dense alluvial soils. 

The jetting of piles, and particularly if contemplated to be used to advance the piles down to 
design tip elevations, should be done using internal jet pipes, and jet volumes and velocities 
should be limited to the minimum flow needed to advance the piles.  In this regard, it is 
important to recognize that excessive jetting will tend to enlarge the hole and significantly 
reduce the lateral load capacity of the soil.  The proper jetting technique is to use a low-
volume, low-pressure flow of water through the internal jet pipe while repeatedly lifting and 
dropping the pile to displace the dense sands beyond the pile tip and expel the sands up the 
annulus of the jetted hole without excessively disturbing the surrounding dense sands.  The 
proper jetting technique essentially allows the lifting and repeated dropping of the pile to 
redensify the sand as the pile is advanced into the dense underlying sands. 

7.3 Approach Pier/Gangway Abutment Foundation Recommendations 

We understand that the interior marina will be accessed by a single ADA-compliant 
gangway, approximately 80-feet long.  We further understand that the gangway will be 
attached to a square concrete abutment supported by both the southerly and easterly 
bulkheads, along with a single round concrete pile positioned on the outward edge of the 
abutment centered between the gangway hinge assembly.  We recommend a minimum 
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design pile tip elevation of -25 feet, plan datum.  Jetting, if desired, may be allowed down to 
elevation -20 feet.  We recommend an allowable axial capacity of 40 kips for a 16-inch-
diameter pile.  We have not considered lateral loading for this condition; however, additional 
design criteria can be provided, if desired. 

7.4 Dredging 

As we understand, other consultants have provided recommendations regarding the 
environmental processing of dredged materials.  With regard to geotechnical considerations, 
it should be noted that there is a 2- to 3-foot-thick layer of clayey material near elevation +1 
to +2 feet (plan datum) that may affect the dredging and disposal operations.  With the 
exception of this relatively thin layer of soil, all of the other on-site materials consist of 
granular sands and would likely be suitable as beach-quality sand fill.  All of the near-surface 
soils may be dredged using conventional dredge equipment. 

7.5 Shore Perpendicular Groin-Wall 

As we understand, a shore perpendicular groin-wall is also proposed to accommodate deep-
water access adjacent the westerly floating dock.  We would suggest that the load 
deformation and structural requirements for this shore-parallel bulkhead be designed utilizing 
the elastic theory approach developed by Matlock and Reese and described in Section 7.2.  
Although the same coefficient of variation of soil modulus would apply in this area, the 
Matlock and Reese design assumes isolated piles, with soil bridging providing an 
approximately threefold increase in passive resistance restraining the isolated pile.  Thus, 
when using the NAVFAC design manual for design of the shore perpendicular groin-wall, a 
coefficient of variation of soil modulus of 5 pci should be used to account for the continuous 
shore perpendicular groin-wall. 

8 LIMITATIONS 

Coastal engineering and the earth sciences are characterized by uncertainty.  Professional 
judgments presented herein are based partly on our evaluation of the technical information 
gathered, partly on our understanding of the proposed construction, and partly on our general 
experience.  Our engineering work and judgments rendered meet the current professional 
standards.  We do not guarantee the performance of the project in any respect. 
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We have investigated only a small portion of the pertinent soil and geologic conditions at the 
subject site.  The opinions and conclusions made herein were based on the assumption that 
the soil and geologic conditions do not deviate appreciably from those encountered during 
our field investigation.  We recommend that a soil engineer from our office observe 
construction to assist in identifying soil conditions that may be significantly different from 
those assumed in our design.  Additional recommendations may be required at that time. 
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K E Y    T O    E X C A V A T I O N    L O G S

WATER TABLE MEASURED AT TIME OF DRILLING

OTHER TESTS

CC Confined Compression PI Plasticity Index
CL Chloride Content R Resistivity
CS Consolidation RV R-Value
DS Direct Shear SA Sieve Analysis
EI Expansion Index HD Hydrometer
GS Grain Size Analysis SF Sulfate
LC Laboratory Compaction SG Specific Gravity
pH Hydrogen Ion SW Swell

PENETRATION RESISTANCE (BLOWS/ft)

Number of blows required to advance the sampler 1 foot.

California Sampler blow counts can be converted to equivalent SPT blow
counts by using an end-area conversion factor of 0.67 when using a
140-pound hammer and a 30-inch drop.

SAMPLE TYPE

C ("California Sampler") - An 18-inch-long, 2-1/2-inch I.D., 3-inch O.D.,
thick-walled sampler.  The sampler is lined with eighteen 2-3/8-inch I.D.
brass rings.  Relatively undisturbed,  intact soil samples are retained in the
brass rings.

S ("SPT") - a.k.a. Standard Penetration Test,  an 18-inch-long, 2-inch
O.D., 1-3/8-inch I.D. drive sampler.

B ("Bulk") - a.k.a. Bulk Sack Sample, a disturbed, but representative
sample obtained from a specific depth interval placed in a large plastic
bag.

PB ("Plastic Bag") - A disturbed, but representative sample obtained
from a specific depth interval placed in a small sealable plastic bag.
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K E Y    T O    E X C A V A T I O N    L O G S

(CONTINUED)

NOTES ON FIELD INVESTIGATION

Borings were advanced using a truck-mounted Marl B5 drill rig with an
8-inch hollow-stem auger.

Standard Penetration Tests (SPT) and California Samplers were used to
obtain soil samples.  The SPT and California Samplers were driven into
the soil at the bottom of the borings with a 140-pound hammer falling 30
inches.  When the samplers were withdrawn from the boring, the samples
were removed, visually classified, sealed in plastic containers, and taken
to the laboratory for detailed inspection.

Free groundwater was encountered in the borings as shown on the logs.

Classifications are based upon the Unified Soil Classification System and
include color, moisture, and consistency.  Field descriptions have been
modified to reflect results of laboratory inspection where deemed
appropriate.
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HYDRAULIC FILL
SAND to Silty SAND (SP/SM), loose to medium dense, gray-brown, dry,
with occasional shell fragments

- Becomes medium dense, moist

BAY DEPOSITS
Medium SAND (SP/SM), medium dense, gray, wet, with shell fragments
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OLDER ALLUVIAL DEPOSITS
Coarse SAND (SP-SM), medium dense, gray, wet

Boring terminated at depth of 31.5 feet.
Groundwater encountered at approximately 10 feet at time of excavation.
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HYDRAULIC FILL
Medium SAND (SP-SM), loose to medium dense, gray-brown, damp to
wet

- Becomes medium dense, moist

- Becomes wet

- Becomes coarse with approximately 10 percent shell fragments

BAY DEPOSITS
Medium SAND (SP-SM), medium dense, gray, et
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- Sampler on rock
OLDER ALLUVIAL DEPOSITS
Coarse SAND (SP-SM), medium dense, red-brown, wet

Boring terminated at depth of 31.5 feet.
Groundwater encountered at depth of approximately 6.5 feet at time of
excavation.
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GREGG DRILLING & TESTING, INC. 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

 

May 19, 2008 
 
Terra Costa Consulting Group 
Attn:  Bob Smille  
4455 Murphy Canyon Road 
San Diego, CA 92123 
 
Subject: CPT Site Investigation 
  Marina Park 
  Balboa Peninsula, California 
  GREGG Project Number:  08-206SH 
 
 
Dear Mr. Smille: 
 
The following report presents the results of GREGG Drilling & Testing’s Cone Penetration Test 
investigation for the above referenced site.  The following testing services were performed: 

 

1 Cone Penetration Tests (CPTU)  
2 Pore Pressure Dissipation Tests (PPD)  

3 Seismic Cone Penetration Tests (SCPTU)  
4 Resistivity Cone Penetration Tests (RCPTU)  
5 UVOST Laser Induced Fluorescence (UVOST)  

6 Groundwater Sampling (GWS)  
7 Soil Sampling (SS)  
8 Vapor Sampling (VS)  

9 Vane Shear Testing (VST)  
10 SPT Energy Calibration (SPTE)  

 
A list of reference papers providing additional background on the specific tests conducted is 
provided in the bibliography following the text of the report.  If you would like a copy of any of 
these publications or should you have any questions or comments regarding the contents of this 
report, please do not hesitate to contact our office at (562) 427-6899. 
 
Sincerely, 
GREGG Drilling & Testing, Inc. 
 
 
 
Peter Robertson 
Technical Operations 
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Cone Penetration Test Sounding Summary 
 

-Table 1- 
 
 

CPT Sounding 
Identification 

 

Date Termination Depth 
(Feet) 

Depth of Groundwater 
Samples (Feet) 

Depth of Soil Samples 
(Feet) 

Depth of Pore Pressure 
Dissipation Tests (Feet) 

CPT-01 5/16/08 50 - - - 
CPT-02 5/16/08 50 - - - 
CPT-03 5/16/08 50 - - - 
CPT-04 5/16/08 30 - - - 
CPT-05 5/16/08 34 - - - 
CPT-06 5/16/08 50 - - - 
CPT-07 5/16/08 35 - - - 
CPT-08 5/16/08 30 - - - 
CPT-09 5/16/08 30 - - - 
CPT-10 5/16/08 30 - - 22 
CPT-11 5/16/08 47 - - - 
CPT-12 5/16/08 43 - - - 
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APPENDIX C 
 

SUGGESTED ITEMS FOR 
INCLUSION IN SPECIFICATIONS FOR PILE DRIVING 

 
 
 
1.0 SCOPE 
 
Furnish and install piling, complete, as shown and specified. 
 
2.0 GENERAL 
 
A. Code Requirements - Per (Uniform Building Code)  (Standard Specifications for 

Public Works Construction), and other applicable regulations; strictest requirements 
govern. 

 
B. Qualification  - Piling subcontractor shall be qualified and experienced in this work.  

He shall present to Owner evidence of past successful installations of similar types of 
projects. 

 
C. Responsibility - Owner shall accept no responsibility for the driveability of piles as 

shown and specified. 
 
D. Grading - Necessary clearing, excavating, and filling shall be done by the General 

Contractor. 
 
E. Pile Locations - Staked out pile locations shall be protected from damage or 

movement.  Cost for replacing moved or damaged stakes shall be borne by the 
Contractor under this section of work. 

 
F. Available Data - Records of the borings made at this work site are available at the 

Owner's office.  These records pertain to conditions at the boring locations.  
Contractors are expected to make a personal inspection of the site and to otherwise 
satisfy themselves as to the conditions affecting the work.  No claims for extra 
compensation or extension of time shall be allowed on account of subsurface 
conditions inconsistent with the data given. 

 
G. Pile Depth - All piles shall be advanced to the tip elevations shown on the plans.  

Piles stopped at lesser depths shall be cause for rejection.  (See Section 5.0, 
Installation). 

 
H. Inspection - The Owner's representative shall inspect the placement of all piles.  At 

least one week's notice shall be given before the first pile is driven. 
 



 

 

3.0 MATERIALS 
 
 Concrete Piles 
 
A. Concrete - Minimum 28-day compressive strength:  (5,000) psi. 
 
B. Prestressing Strand - ASTM-(A416), uncoated (7) wire cold drawn type; ultimate 

stress (250,000) psi. 
 
C. Mild Reinforcing - ASTM-(A15), intermediate grade. 
 
D. Wire for Special Reinforcing - ASTM-(A82), cold drawn wire. 
 
 Steel Sheet Piles 
 

A. Steel sheet piles shall conform to normal material specifications:  ASTM 
A328, ASTM A572 Grades 42 through 55. 

 
4.0 HANDLING OF PILES 
 
All piles shall be handled with care to avoid damage.  Damage to any pile prior to driving 
shall be cause for immediate rejection. 
 
5.0 INSTALLATION 
 
A. General - Drive the first four piles at selected locations shown to the tip elevations 

shown on the plans.  The indicator piles shall be driven with the same size and type of 
hammer to be used for driving the production piles.  Indicator piles will be selected 
from permanent piles.  Driving criteria will be established during construction by the 
Geotechnical Engineer on the basis of the first piles before additional piles are driven.  
Each pile shall be marked at one-foot intervals along its length to facilitate recording 
of penetration resistance.  Drive each pile without interruption, until design depth is 
attained.  If unforeseen causes arise, only by written permission shall deviation from 
this procedure be allowed.  Refusal driving criteria will be determined by the 
Geotechnical Engineer during construction. 

 
All piles shall be placed at the locations specified on the contract drawings. 

 
B. Record of Driving - Kept by Piling Inspector selected and paid for by Owner. 
 

1. Reference - All piles per numbering system. 
 

2. Dimensions - Include elevation of tip and butt before and after cutting off. 
 

3. Driving Resistance - Complete record with number of blows required to drive 
each foot for full length of each pile. 



 

 

 
4. Time - Include time of starting, completion, interruptions (if any), and 

condition of pile after driving. 
 

5. At Completion of Work - Contractor shall furnish accurate drawing showing 
locations of piles as driven. 

 
C. Location - All piles shall be placed at the locations specified on the contract drawing.  

No pile shall be driven more than 3 inches in horizontal dimension from its design 
location. 

 
D. Alignment - Do not exceed 2 percent maximum deviation from vertical over any 

section of length.  Keep pile center at cut-off within 3 inches of design location.  
Pulling piles into position will not be permitted.  The Contractor shall provide 
substitute piles where driven piles exceed specified tolerances; all correction costs 
shall be paid for by Contractor under this section, including any structural redesign, 
additional materials, and labor required for pile caps. 

 
E. Heave Checks - Make on selected piles as directed by the Geotechnical Engineer.  

Check heave by measuring length and checking elevation on each pile immediately 
after it has been driven; recheck elevations and length after all adjacent piles have 
been driven.  Redrive piles, where tips heaved more than ½ inch from original 
elevation.  When pile heave is encountered, continue heave check and redriving until 
assured that pile heave does not occur. 

 
F. Damaged Piles 
 

1. General - Any pile driven into a previously driven pile automatically rejects 
both piles.  Leave all pile heads sound; repair or replace damaged or defect; 
replace as directed with a substitute pile at no expense to the Owner.  Do not 
drive piles damaged or suspected of damage until inspected and approved.  
All correction costs shall be paid for by Contractor including structural 
redesign, additional materials, and labor required for pile caps. 

 
2. Driving Damage - Development of tension cracks, spall, or chips in the 

concrete within the pay length shall be cause of rejection. 
 
G. Hard Driving - Difficult driving may be experienced within the stiff clays and 

formational sand deposits encountered above the design tip elevation of piles in the 
western portion of the site.  All piles shall be driven to the design tip elevation unless 
specifically approved otherwise in writing by the Geotechnical Engineer at the time 
of construction. 

 



 

 

H. Jetting is permitted for both isolated concrete piles and concrete sheets only as 
follows: 

 
  Jetting shall be limited to the use of internal manifolded pipes cast into the pile and 

shall use, to the extent practical, a low volume and low pressure water source.  The 
proposed jet pipe configuration and pile installation procedures should be reviewed 
by the owner's representative prior to approval.  Jetting, under approved conditions, is 
permitted down to within 2 feet of plan tip elevation for piles providing lateral 
resistance only. 

 
Jetting is not allowed within five feet of plan tip elevation for axially-loaded piles. 

 
I. Predrilling - Predrilling will be allowed for piles, but shall in no case extend to within 

5 feet of the final tip elevation of any piles for support of structures.  The diameter of 
a predrilled hole shall not exceed 10 inches.  Predrilling is not recommended for piles 
required for uplift capacity. 

 
J. Driving Equipment - Use approved type as generally used in standard pile driving 

practice.  Use driving hammers of such size and type which are able to consistently 
deliver effective dynamic energy to the piles and which operate at manufacturer's 
recommended speeds and pressures.  Pile hammer shall have a minimum rated energy 
of 50,000 foot-pounds per blow for 14-inch round piles. 

 
Hammers developing greater energies or sonic hammers may be used upon written 
authorization of the Geotechnical Engineer.  It shall be demonstrated that the 
proposed hammer will adequately drive the pile to the required depth without damage 
to the pile.  Swing leads will not be permitted; use fixed leads or other suitable means 
for holding pile firmly in position and in alignment with the hammer.  Vertical piles 
shall be plumb before driving.  Special precautions shall be taken to insure against 
leading away of piles from the plumb or true position.  Use suitable anvils or cushions 
of approved design, depending on type of pile, to prevent damage to pile.  Care shall 
be taken during driving to prevent and correct any tendency of piles to twist, rotate, or 
walk. 

 
6.0 DRIVING CRITERIA 
 
Reduction of Hammer Energy for Prestressed Piles - When prestressed piles have settled into 
the ground under their own weight and the weight of the hammer, and the point of the pile is 
passing through soft soil so that there is little resistance, there is a possibility that longitudinal 
tensile stress will be set up in the pile shaft by the elastic shock waves traveling up and down 
the pile.  For such driving conditions, the first hammer blows delivered to the pile shall have 
a lesser energy by reducing the stroke of the hammer.  When the top of the pile is being 
driven to the final depth, the full length of the stroke and the full rated energy of the hammer 
shall be used to develop final driving resistance. 
 



 

 

7.0 CLEANUP 
 
Keep construction and storage areas free from waste material, rubbish, and debris resulting 
from this work. 
 
8.0. PAYMENTS 
 
A. General - Provide lump sum bid based on total pile length as shown based on length 

from cut-off to estimated pile tip elevation shown on drawings. 
 
B. Measurement - Based on total effective length of piles in place.  Effective length of 

individual piles measured from tip elevation to cut-off line. 
 
C. Payment for Lineal Footage - In excess of that based upon the estimated pile tip 

elevation, when such excess is authorized, will be made on a unit price basis.  Include 
such unit prices in the Bid. 

 
D. Credit for Undriven Lineal Footage - Short of that based upon the estimated pile tip 

elevation will be made on a unit price basis.  Include such unit price in the Bid. 
 
9.0 SUBMITTALS BY CONTRACTOR: 
 
A. General - For PILING, submit following in accordance with GENERAL 

CONDITIONS and SPECIAL CONDITIONS. 
 
B. Prestressed Pile Design - Submit design calculations, prepared by a licensed engineer 

showing all pickup points and basis of design. 
 
C. Reinforcing - Submit two copies of manufacturer's certificates of mill test reports for 

all reinforcing steel used. 
 
D. Shop Drawings - Submit for approval by Structural Engineer.  Show location of 

pickup points. 
 
E. Guarantee - As specified. 
 
F. Pile Driving Hammer - Submit description of proposed hammer, including 

manufacturer, type, model number, operating specifications, and hammer cushion, 
pile cushion data for review and approval by Geotechnical Engineer. 

 
G. Load Test - Submit description of equipment and arrangement and set up of any load 

test for review and approval by the Geotechnical Engineer. 
 



 

 

10.0 PILE TYPES NOT SPECIFIED 
 
A. General - Consideration will be given to pile types other than those shown or 

specified.  If Contractor proposes to use a type other than those shown, he shall 
submit to Owner for review a description of the pile and shall demonstrate by 
calculations and other corroborating evidence on the ability of the pile to sustain 
required loads.  Contractor shall familiarize himself with all loading criteria. 

 
B. Prequalification - Review proposed system with Owner and obtain written 

authorization before submitting proposal. 
 
C. Engineering Design - Prepare revised foundation plans at no cost to Owner; plans to 

be prepared and stamped by licensed civil engineer.  Comply with all local 
jurisdictional codes. 

 
D. Pile Tests - If, in the opinion of the Owner, pile load tests are required to confirm the 

load bearing capacity, the costs of such test or tests shall be borne by Contractor. 
 
E. Pile Caps - If the proposed alternate pile system results in increase in size and 

reinforcing of pile caps from those shown, said increases shall be made at no expense 
to the Owner. 
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